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Abstract The aim of this clinical study was to evaluate
whether or not an association exists between the presence
of enamel craze lines and the prevalence of tooth sensi-
tivity (TS) after in-office bleaching. Subjects that met the
inclusion criteria (N = 23) were screened to detect the
existence of enamel craze lines. In total, 460 teeth were
subjected to bleaching where 49 % of them presented
enamel craze lines. After bleaching (15 % hydrogen per-
oxide), the subjects were asked to rate the level of TS by
answering a self-administered questionnaire. The majority
of subjects (91 %) experienced TS at the first day of
bleaching. The TS prevalence decreased gradually to 22 %
at second day, to 17 % at third day, and to 9 % at fourth
day. After the fourth day, no subject reported TS. While
15 % of teeth with craze lines presented TS, 11 % of teeth
with no craze lines also showed TS. A positive but weak
correlation (r = 0.214) was found between the existence of
enamel craze lines and TS. In this clinical study, higher
incidence of TS was found with the use of 15 % hydrogen
peroxide bleaching agent compared to the previous studies.
Patients who would undergo in-office bleaching should be
informed that tooth sensitivity is a very often side effect but
it may disappear within 1 week.
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Introduction
Discolored teeth may affect self-esteem of individuals
depending on the society they live in. The demand of
individuals for tooth whitening existed for more than
100 years, and since then significant efforts have been
directed toward understanding the nature of tooth discol-
oration and devising methods to eliminate them [1, 2].
Currently, several methods are available to restore discol-
ored dentition. These include mechanical or chemical stain
removal, restorations with composite or ceramic veneers,
or full coverage crowns. The clinical procedure to restore
stained dentition depends upon variables such as the nature
and intensity of stain, age of the patient, and the desired
optical change [3]. Of these methods, veneers and full
coverage crowns are considered most invasive, because
sound tooth structure is removed to create room for the
restoration. The least invasive procedure to remove dis-
coloration from discolored dentition is bleaching using
oxygenating chemicals such as hydrogen peroxide (H2O2).
This method does not entail removal of sound tooth
structure. Vital teeth can be bleached either chair side
(in-office) by the dentist or through the application of
bleaching agent in a mouth-guard by the patient [4, 5],
where the latter is usually referred to as doctor-prescribed
night-guard vital bleaching or at-home bleaching. At-home
whitening procedures are relatively inexpensive because
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they require less office visits and typically, the use of lower
concentrations of peroxide (±10 %) or carbamide peroxide
(10 %). Sometimes, it is difficult to achieve patient com-
pliance with the mouth-guards [4–6].
The in-office vital bleaching is commonly referred as
power bleaching, where hydrogen peroxide solutions are
used as bleaching agent activated by heat or light source.
Previously, the in-office approach typically was conducted
over a series of visits, utilizing high concentration per-
oxides (30–35 %) under heat sources to increase the
kinetics of stain removal [4–6]. Today, the in-office
whitening method is developed to bleach teeth in a single
office visit with a combination of a bleaching agent such
as peroxide at lower concentrations and an auxiliary such
as light.
In both methods, carbamide peroxide can bleach the
chromogens within the dentin; thereby reducing the body
color of the tooth. Such agents can be applied externally to
the teeth (vital bleaching) or internally within the pulp
chamber (non-vital bleaching) [7].
Clinical reports on the incidence of tooth sensitivity
after vital bleaching procedures showed variations between
studies [8–12]. At-home bleaching caused tooth sensitivity
up to 78 % in participants. With in-office bleaching pro-
cedures, the incidence of tooth sensitivity was similar, but
the great majority of people, who undergo the whitening
procedures, were able to tolerate it well [9–12]. Yet, sen-
sitivity was a critical problem for some participants.
Schulte and Morisette [1] reported that sensitivity was
severe enough to cause 14 % of the participants to dis-
continue bleaching. Other studies reported a percentage of
subjects who experienced sensitivity already from a spe-
cific source and not necessarily due to bleaching [9, 12].
Haywood et al. [10] found that bleaching caused tooth
sensitivity in 52 % of the subjects and 31 % of them
experienced gingival sensitivity. Several studies showed
that bleaching methods using only peroxides without light
sources can cause tooth sensitivity, and this can be due to
the used peroxide or one of the other ingredients in the
bleaching gel [12–16]. On the other hand, it has been
estimated that the incidence of tooth fractures or tooth
cracks is to be 5 per 100 adults per year [17–20]. In fact,
enamel surface cracks or craze lines, are relatively com-
mon in adult teeth [17–20]. However, there is sparse data in
the literature about the association between the presence of
enamel craze lines and the prevalence of tooth sensitivity
during bleaching.
The objective of this clinical study therefore, was to
investigate whether or not an association exists between the
presence of enamel craze lines and the prevalence of tooth
sensitivity after in-office bleaching.
Materials and methods
Patient selection
The subjects were not admitted to the study if any of the
following criteria were present: (1) younger than 18 years
old or older than 55 years old, (2) not able to read and sign
the informed consent document, (3) physically and psy-
chologically not normal, (4) having general health-com-
promising conditions, (5) currently on medication, (6) used
any medication within the past 14 days, (7) pregnant, (8)
endodontic therapy and pulp pathosis, (9) any faulty res-
toration, (10) caries, (11) tooth wear, (12) gingival reces-
sion, (13) pre-existing tooth sensitivity on the teeth to be
evaluated, (14) undergoing active periodontal and/or
orthodontic therapy, (15) smokers, (16) residence outside
the city, insufficient address for follow-up, or unwilling-
ness to return for follow-up as outlined by the investigators.
In total, 23 healthy subjects (17 women and 6 men)
could fulfill the inclusion criteria and be recruited to par-
ticipate in the study from 62 interviewed subjects. The
informed consents of the subjects were obtained before
bleaching procedures. They were also informed that they
would receive a questionnaire that they have to fill during
the first week after the completion of bleaching procedures.
Tooth cracks, number, location and directions of enamel
craze lines, or any other enamel abnormalities were indi-
vidually documented per tooth. Enamel craze lines were
detected using indirect illumination. This was accom-
Fig. 1 a, b Detection of enamel craze line or cracks using a blue light
transillumination, b inspection light
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plished by placing a light source (XL3000, 3M ESPE, light
output: 550 mW/cm2) against the lingual surface of the
teeth (Fig. 1a, b).
Bleaching procedure
A bleaching kit (Brite Smile Inc, 33431, Baco Raton, FL,
USA) containing peroxide gel, a light polymerizing isola-
tion material, a hydrogel, a lip cream, and a lip sunblock
was used for bleaching procedures. The bleaching gel
contained 15 % hydrogen peroxide in a pH 6.5 hydrogel,
glycerin, and water to prevent tooth dehydration.
The subjects were instructed to brush their teeth for
30 s. After tooth brushing, the initial tooth colors were
determined using a color scale (Chromascop, Ivoclar
Vivadent GmbH, D-73471, Ellwangen, Germany) for each
subject. In order to ensure gingival protection, a brush-on
isolation material (Opaldam) was applied along gingival
margins in a width of approximately 1 mm in the treatment
area before bleaching. A cheek retractor was used to retract
the labial comissura and lips away from the treatment area.
Cotton rolls were placed in bilateral vestibular sulci to
isolate the treatment area from saliva. Bite blocks were
used as jaw rests. A sun block and a hydration cream
(Vaseline Petroleum Jelly) were applied onto the lips. The
subjects wore an orange tinted protective eyewear during
the bleaching procedure.
The bleaching gel was applied in a thickness of
approximately 2 mm onto the buccal surfaces of all max-
illary and mandibular anterior teeth using a strip. The
incisors, canines, and premolars were fully covered with
the gel to ensure a uniform effect. Light was positioned
according to the manufacturer’s instructions using the
integral bite appliance guide to set the distance between the
teeth and the light source. All treatments lasted for 1 h.
Desiccation of the tooth surface was minimized by reap-
plication of hydrogel every 20 min. The used light source
was a stationary, short arc gas plasma lamp emitting light
in blue–green portion of the color spectrum (400–505 nm).
The lamp simultaneously illuminated all maxillary and
mandibular anterior teeth. After the completion of the
bleaching procedures, the teeth were rinsed with air and
water spraying for 1 min. The final tooth color was mea-
sured with the same color scale.
Tooth sensitivity test
Directly after finishing the bleaching procedure, the sub-
jects were interviewed and asked to fill the self-adminis-
trated questionnaire for the documentation of any
discomfort, pain, or side effect that they experienced
between the 1st and 7th day after the completion of
bleaching treatment. They were also asked to document the
location, level, and the duration of the pain or sensitivity
for up to 7 days after the bleaching procedure.
Sensitivity was recorded using the following scale [10]:
Grade 0: No sensitivity
Grade 1: Mild sensitivity (slight changes noted, no
interference with function, well toleration)
Grade 2: Moderate sensitivity (definite changes noted,
the presence of functional interference, necessity of
avoiding certain food)
Grade 3: Severe sensitivity (subject considered discon-
tinuing the bleaching procedure, not able to tolerate the
pain).
Statistical analysis
Data were analyzed from 3 sources namely, the patient
questionnaires filled during 7 days post-treatment, the
results of the intake visit concerning the existence of
enamel craze lines, and the interview regarding possible
experience of sensitivity held directly after finishing the
bleaching procedure. To determine any correlation between
the existence of enamel craze lines and tooth sensitivity
after the in-office vital bleaching, the Pearson’s Correlation
test was performed using statistical software (SAS System
for Windows, release 8.02/200; Cary, NC, USA).
Results
All 23 subjects have completed the bleaching procedure.
No one stopped the bleaching procedure for sensitivity or
any other reason.
In total, 460 teeth were subjected to bleaching of which
226 (49 %) presented enamel craze lines. The numbers of
craze lines in 20 treated teeth per patient ranged between 2
and 16 craze lines as maximum.
The incidence of tooth sensitivity ranged between 0 and
7 teeth per subject corresponding to 0–35 % of the total
treated teeth per subject (Table 1).
A total of 61 (13 %) of all bleached teeth experienced
sensitivity at the 1st treatment day. While a total of 35
Table 1 Total number and percentage (%) of teeth with and without
craze lines and related tooth sensitivity
Teeth and sensitivity conditions N %
Teeth with craze lines 226 49
Teeth with no craze lines 234 51
With craze lines with sensitivity 35 15
With craze lines and no sensitivity 191 85
No craze lines with sensitivity 26 11
No craze lines and no sensitivity 208 89
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(15 %) of the teeth with craze lines experienced sensitivity,
191 (85 %) of the teeth with craze lines showed no sen-
sitivity. The total number of teeth with no craze lines with
sensitivity was 234 (51 %), whereas 26 (11 %) showed no
craze lines but sensitivity (Fig. 2).
A positive but weak correlation was found between the
incidence of enamel craze lines and tooth sensitivity
(r = 0.214) (Pearson’s correlation).
The existence of sensitivity and the grade of the expe-
rienced sensitivity per day were as follows (Table 2):
1st day: While 78 % of the studied population experi-
enced mild tooth sensitivity (Grade 1), 13 % experienced
moderate sensitivity (Grade 2) and 9 % experienced no
sensitivity. Sensitivity level Grade 3 was not observed by
any of the patients.
2nd day: 78 % of the studied population experienced no
sensitivity (Grade 0), 22 % experienced mild tooth sensi-
tivity (Grade 1) and no one experienced moderate or severe
sensitivity (Grades 2 or 3).
3rd day: 83 % of the studied population reported no
sensitivity (Grade 0) and 17 % reported mild sensitivity
(Grade 1). Similar to the previous day, no one experienced
moderate or severe sensitivity (Grades 2 or 3).
4th day: 91 % of the studied population reported no
sensitivity (Grade 0) and only 9 % showed sensitivity
Grade 1.
5th day: No one of the studied population (0 %) expe-
rienced any sensitivity.
The results of 6th and 7th day were similar to that of 5th
day, meaning that sensitivity disappeared completely.
Discussion
Craze lines are merely cracks in the enamel that do not
extend to the dentin and are very common in adult teeth
[17–19]. Despite the high incidence of microcracks seen in
the teeth of adult populations, no specific study was found
that evaluated the effect of these cracks on the diffusion of
solutions such as peroxide into the dentin and/or the pulp.
The purpose of this clinical study was to evaluate the
possible correlation between the existence of enamel craze
lines and tooth sensitivity after an in-office vital bleaching
procedure. The duration and rank of sensitivity was also of
interest.
Previous in vitro studies reported that peroxide could
penetrate enamel and dentin, and enter the pulp chamber
[9, 11, 12]. It was also stated that the amount of the per-
oxide detected in the pulp chamber was related to the
concentration of the hydrogen peroxide in the preparations
applied. Therefore, enamel craze lines could increase the
diffusion rate of the peroxide gel into the dentin and con-
sequently into the pulp, causing a higher incidence of tooth
sensitivity.
In this clinical study, the incidence of tooth sensitivity in
teeth with craze lines was evaluated and compared with
those without craze lines. All teeth underwent the same
bleaching procedure, using the same peroxide concentra-
tion for the same duration under the same light source.
Fig. 2 Number of enamel craze lines and tooth sensitivity per patient
Table 2 Incidence and severity of tooth sensitivity in grades per day
1st day 2nd day 3rd day 4th day 5th day
Grade N % Grade N % Grade N % Grade N % Grade N %
0 2 9 0 18 78 0 19 83 0 21 91 0 23 100
1 18 78 1 5 22 1 4 17 1 2 9 1 0 0
2 3 13 2 0 0 2 0 0 2 0 0 2 0 0
3 0 0 3 0 0 3 0 0 3 0 0 3 0 0
Total 23 100 Total 23 100 Total 23 100 Total 23 100 Total 23 100
Grade 0: No sensitivity; Grade 1: Mild sensitivity (slight changes noted, no interference with function, well toleration); Grade 2: Moderate
sensitivity (definite changes noted, presence of functional interference, necessity of avoiding certain food); Grade 3: Severe sensitivity (subject
considered discontinuing the bleaching procedure, not able to tolerate the pain)
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Therefore, a possible variable that could explain any dif-
ferences in the incidence of tooth sensitivity was the
increased diffusion of the peroxide gel into the pulp due to
the existence of enamel craze lines. Based on the results of
this study, however, a positive but weak correlation was
found between the presence of enamel craze lines and tooth
sensitivity after in-office vital bleaching.
The findings of the present study showed that sensitivity
ranged predominantly from mild to moderate (Grade 1–2).
No subject ceased the bleaching treatment because of
severe sensitivity or any other side effects. After 4 days,
none of the subjects experienced tooth sensitivity. These
results were similar on day five, six and seven after the
treatment. At the first day, 78 % of the population expe-
rienced mild tooth sensitivity, 13 % experienced moderate
sensitivity, and only 9 % with no sensitivity. These results
contradict with the results of the study performed by
Rosenblum and Nathoo [5], who used the same bleaching
material as the one used in this study (Brite Smile
bleaching kit; 15 % H2O2 concentration), with the same
application procedure. In their study, the subjects (N = 75)
were divided into 3 groups, 25 subjects each. The first
group was bleached using 15 % H2O2 in combination with
light. The subjects of the second group were bleached using
only 15 % H2O2, and subjects of the third group received
only placebo gel in combination with light. The incidence
of sensitivity was 24, 32, and 16 %, respectively. Subjects
were directly interviewed after finishing the bleaching
procedure, and were asked about the experienced sensi-
tivity during the procedure. In our study, the subjects were
asked to note the experienced sensitivity starting from day
the bleaching procedure was performed (1st day), and not
only during the bleaching procedure. This could be one
possible explanation of the discrepancy between the results
of the two studies especially on the 1st day. Since with and
without the light source the tooth sensitivity was present,
light source could not be considered as the main reason for
sensitivity. It should also be noted that the study population
was larger in that study.
In other clinical studies, tooth sensitivity was very
common [7–9, 11, 12]. While the studies that evaluated
sensitivity after night-guard vital bleaching reported that
sensitivity ranges between 7 and 78 % [7, 9, 11], after
in-office vital bleaching, sensitivity was reported to be
between 24 and 78 % of the studied population [11, 12].
Also, Cohen and Chase [8] reported the incidence of tooth
sensitivity in 78 % of the studied subjects, where a high
concentration of peroxide gel (30 % H2O2) was used and
the bleaching procedure was divided into 3 visits of 30 min
each. None of these studies reported the existence of
enamel craze lines or mentioned a possible relation to the
experienced sensitivity.
The light source used in this study was a plasma arc
lamp. In one study, temperature increase was noted in the
pulp chamber during bleaching using light emitting diode
(LED)/laser light source [21], and in another one, LED
light was suggested to be safe for periodontal and pulp
tissue but halogen light was advised to be used with care
[22]. Future studies are warranted focusing on the factors
such as enamel craze lines, diffusion parameters of H2O2 to
the pulp in relation with the light source solely and in
combination.
It can be concluded that there is no strong causal relation
between the two variables. Thus, it cannot be assured that
the existence of enamel craze lines is in direct relation with
tooth sensitivity, or that craze lines can increase the
potential of a higher diffusion of the peroxide gel into the
dentine and pulp chamber. This hypothesis has to be ver-
ified in larger populations or with in vitro studies evalu-
ating the diffusion rate of peroxide in teeth with craze lines
versus teeth with no craze lines.
Conclusions
In this clinical study, higher incidence of tooth sensitivity
was found with the use of 15 % hydrogen peroxide
bleaching agent compared to the previous studies. There
seems to be a trend that enamel craze lines are potential
factors in increasing tooth sensitivity after in-office vital
bleaching, but due to the weak correlation this relation
cannot be stated. Experienced tooth sensitivity after tooth
bleaching with the bleaching material tested, is temporary
and lasts for only few days. Patients who would undergo
office bleaching should be informed that tooth sensitivity is
a very often side effect, but it may disappear within
1 week. The results should be confirmed in larger
populations.
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